We experimentally demonstrate a new wavelength-and mode-selective coupler utilizing intermodal coupling between a standard single-mode fiber (SMF) and a hollow optical fiber (HOF). The fabricated device routes optical signals such that a 1.3-mm signal is directed to the HOF port, adiabatically converting the LP 01 mode into a ring-shaped mode, which can be further connected to a gigabit ethernet link, reducing the differential mode-dispersion penalty. Optical signals near 1.5 mm, meanwhile, stay in the LP 01 mode of the SMF arm for further connection to conventional wavelength-division multiplexing links based on erbium-doped fiber amplifiers. The performance of the device is characterized in terms of insertion loss, channel isolation, and mode-conversion efficiency.
As high-speed local area networks and optical access network technologies are being rapidly developed, the interests and demands in the area of interconnection among local fiber links are growing. By use of alloptical and all-fiber interconnection devices, one can avoid expensive optic-electronic-optic conversion and futhermore secure high transparency over the data rate and transmission capacity. In particular, interconnections between metropolitan dense wavelengthdivision multiplexing systems and gigabit ethernet local area networks require conversion of both the wavelength of the signal and the medium from which the signal propagates. In metropolitan dense wavelength-division multiplexers, narrowly spaced optical channels in the erbium-doped fiber amplifier gain band near 1.5 mm are transported by the conventional single-mode fibers (SMFs). 1 While they are in gigabit ethernet local area network systems, optical signals at either 0.8 or 1.3 mm are carried over multimode fiber (MMF), and SMF is also being considered as a potential medium. 2 The interconnecting device for these systems therefore requires simultaneous wavelength-and mode-selective characteristics.
In MMF-based gigabit ethernet systems, differential modal delay has been one of the detrimental effects that limit the transmission capacity. 3 Recently, Choi et al. reported on a novel compact mode converter that converts the LP 01 mode of SMF into a ring-shaped mode 4 that can selectively excite higher-order modes with a similar group velocity in a MMF, reducing the differential modal delay penalty. Mode-selective 2 3 2 fiber couplers have been reported 6, 7 that are based on coupling between the LP 01 mode in a SMF and the LP 11 mode in a two-mode f iber. The devices, however, suffer from relatively narrow operation bandwidth and limited conversion efficiency, such that elaborate design and fabrication of few-mode f ibers are required for satisfaction of the phase-matching conditions between optical signals whose spectral separation is wide, as in 1.3͞1.5-mm wavelengthdivision multiplexing systems. The inherent broadband nature and high compatibility with conventional SMF of the adiabatic mode converter, 4 therefore, could be applied to broadband wavelength-and modeselective devices.
In this Letter we demonstrate a compact and robust wavelength-and mode-selective coupler (WMSC) with a broad band of operation, low insertion loss, and high mode-conversion eff iciency for applications in alloptical interconnections among f iber links, for the f irst time to the best of our knowledge.
The operation principle of the device is shown schematically in Fig. 1 . The device is a 2 3 2 fused taper coupler in which one arm is conventional SMF and the other is hollow optical f iber (HOF), with a certain ring core thickness and air-hole radius. Note that as the HOF is adiabatically tapered down the air hole collapses and a segment with a solid core is formed in the coupling region. The coupling between the SMF and the solid core segment of the HOF is in essence similar to conventional SMF-SMF coupling in fused couplers. Optical power coupling characteristics are, therefore, determined by the Fig. 1 The other signal, l 1 , which stays in the LP 01 mode at 1.5 mm, can be further spliced to SMF links toward DWDM networks. Note that modeconversion eff iciency of the proposed fiber would reach nearly 100% because of adiabatic transformation along the HOF arm. A broader bandwidth can be obtained by use of inherently broadband coupling of fused taper couplers compared with that of devices based on more-restricted phase-matching conditions. 6 -8 To fabricate the WMSC, we designed a HOF, the solid fiber segment of which, when collapsed, has an index structure similar to that of standard SMF, to obtain high coupling efficiency. It is found that the air-hole diameter and the core refractive index also affect insertion and coupling. The optimized parameters of the HOF are shown in Fig. 2 . The hole diameter is 6 mm, and the core width is ϳ3.3 mm. The relative index difference between the core and the cladding is ϳ0.35% to match that of standard SMF. The WMSC was fabricated with the HOF and a standard SMF by use of the f lame-brushing technique for precise control of taper shape and degree of fusion. 9 The f lame-brushing technique uses a very f lexible hot zone formed by sweeping with a microtorch f lame. The SMF and HOF arms are pulled together in the f lame, forming a fused coupler. The pulling process was stopped when the coupling power at the selected wavelength reached maximum. We selected 1.31 and 1.55 mm, respectively, for the transmission wavelengths of the HOF and SMF arms in the WMSC.
The transmission spectra and normalized transmission powers of the fabricated WMSC are shown in Fig. 3 . Wavelength selectivity from 1.3 to 1.5 mm is clearly observed in the HOF and SMF arms, respectively. In white-light source transmission measurement, shown in Fig. 3(a) , the insertion losses at 1.3 and 1.5 mm were 2.1 and 0.15 dB, respectively. Higher insertion loss at the 1.3-mm HOF port is attributed to an OH absorption band located near 1.38 mm. OHinduced loss in SMF tapers was reported in Ref. 10 , and the HOF structure was found to be more affected by OH diffusion in the taper process. In addition to OH absorption, a slight mismatch in the optical waveguide parameter between the SMF and the collapsed solid core segment of the HOF could contribute to a relatively high insertion loss.
The channel isolation at 1.3 mm was ϳ9.8 dB, and that at 1.5 mm was more than 20 dB. To measure wavelength selection and mode conversion at the HOF and SMF arms, we launched stabilized optical signals of 0 dBm from two Fabry-Perot laser diodes whose center wavelengths were 1.29 and 1.53 mm into the input SMF arm together. As shown in Fig. 3(b) , the measured power split ratios at the HOF and SMF arms were 97% and 88%, respectively. Figure 4 shows the measured near-field patterns of the light from the HOF and the SMF output. As expected, the near-field pattern of the HOF showed a clear ring shape and a normal fundamental LP 01 mode in the SMF arm.
In summary, a new wavelength-and mode-selective couple was fabricated by mode coupling between hollow optical f iber and standard single-mode fiber. This compact and robust wavelength-and modeselective coupling device has a broad band of operation, low insertion loss, and high mode-conversion efficiency. The fabricated device routes 1.3-mm signals to the HOF port, converting the LP 01 mode into a ring-shaped mode, and transports a 1.5-mm signal to the SMF port in the LP 01 mode. The measured insertion losses at 1.3 and 1.5 mm were 2.1 and 0.15 dB, respectively. The channel isolation at 1.3 mm was greater than 9.8 dB, and that at 1.5 mm was greater than 20 dB. The coupling efficiency from the LP 01 mode of the SMF to the ring-shaped mode of the HOF near 1.3 mm was ϳ88%, and the coupling eff iciency from the LP 01 mode of the SMF to the LP 01 mode of the SMF near 1.5 mm was ϳ97%.
The proposed device can be used for applications in all-optical interconnections among f iber links in access networks.
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